Abstract a-Fetoprotein is commonly used in the diagnosis of hepatocellular carcinoma. However, the diagnostic significance of afetoprotein has been questioned because a number of patients with hepatocellular carcinoma are a-fetoprotein negative. It is therefore necessary to develop novel noninvasive techniques for the early diagnosis of hepatocellular carcinoma, particularly when a-fetoprotein level is low or negative. The current study aimed to evaluate the diagnostic efficiency of hematological parameters to determine which can act as surrogate markers in a-fetoprotein-negative hepatocellular carcinoma. Therefore, a retrospective study was conducted on a training set recruited from Zhongnan Hospital of Wuhan University-including 171 a-fetoprotein-negative patients with hepatocellular carcinoma and 102 healthy individuals. The results show that mean values of mean platelet volume, red blood cell distribution width, mean platelet volume-PC ratio, neutrophils-lymphocytes ratio, and platelet count-lymphocytes ratio were significantly higher in patients with hepatocellular carcinoma in comparison to the healthy individuals. Most of these parameters showed moderate area under the curve in a-fetoprotein-negative patients with hepatocellular carcinoma, but their sensitivities or specificities were not satisfactory enough. So, we built a logistic regression model combining multiple hematological parameters. This model presented better diagnostic efficiency with area under the curve of 0.922, sensitivity of 83.0%, and specificity of 93.1%. In addition, the 4 validation sets from different hospitals were used to validate the model. They all showed good area under the curve with satisfactory sensitivities or specificities. These data indicate that the logistic regression model combining multiple hematological parameters has better diagnostic efficiency, and they might be helpful for the early diagnosis for a-fetoproteinnegative hepatocellular carcinoma.
Introduction
Hepatocellular carcinoma (HCC) is the most common malignant cancer and the leading cause of cancer-associated deaths worldwide. 1, 2 The rapid increase of HCC cases is due to increased incidences of viral infections 3 and metabolic diseases. 4 The clinical course of HCC is mostly asymptomatic. In patients with HCC, focal changes in liver tissue are often incidentally detected in abdominal ultrasonography examination. The cancer is often too large and too advanced to be effectively treated, 5 resulting in a poor 5-year survival rate. 6 Nonetheless, the 5-year survival rate rises to over 70% if HCC is diagnosed at its early stage. a-fetoprotein (AFP) is commonly used in HCC diagnosis. 1 However, its significance in HCC diagnosis is always questioned and debated. Elevated serum AFP is only observed in 60% to 70% of patients with HCC. When the cancer is less than 3 cm in diameter, merely 33% to 65% of patients with HCC have high serum AFP level. 1, 7 Furthermore, the nonspecific increase in serum AFP is observed in 11% to 47% of patients with liver cirrhosis. 7 In addition, a substantial proportion of patients with HCC are AFP negative. 8 Therefore, identification of novel biomarkers for early diagnosis of HCC might benefit patients with HCC, especially AFP-negative patients. Some biomarkers, such as glypican-3, Golgi protein-73, and micro-RNAs, are promising for screening early-stage HCC. However, their usage in clinical diagnosis is still limited, since their roles in HCC pathogenesis are not thoroughly understood. 9 Accumulated evidence demonstrates that chronic inflammation and healing in the liver are closely related to HCC development. Chronic inflammation triggers persistent hepatic injury and concurrent regeneration, leading to the sequential development of fibrosis, cirrhosis, and eventually HCC. 10 It is reported that more than 90% of HCC cases arise in the context of hepatic injury and inflammation. 11 Preclinical and clinical studies have also pinpointed a plethora of inflammatory mediators and signaling pathways involved in HCC. [12] [13] [14] [15] Given the importance of inflammatory responses in HCC, we designed a survey and retrospectively evaluated the significance of hematological parameters in distinguishing AFP-negative patients with HCC from healthy individuals. In particular, we focused on white blood cell count (WBC), mean platelet volume (MPV), red blood cell distribution width (RDW), MPV/PC ratio, number of neutrophil/lymphocyte ratio (NLR), and platelet count/lymphocyte ratio (PLR). Corresponding receiver-operating characteristic (ROC) curves were generated to evaluate their diagnostic potentials. Finally, logistic regression prediction model was built for AFP-negative HCC and was validated in multiple patient sets from different hospitals.
Materials and Methods

Training Set
We retrospectively investigated 171 AFP-negative patients with HCC (serum AFP <20 mg/L 1 ) at Zhongnan Hospital of Wuhan University from November 2016 to March 2018. Hepatocellular carcinoma (HCC) was diagnosed according to the guideline via histology or by 2 different imaging modalities without cirrhosis background. Staging was performed according to the tumor node metastasis (TNM) staging system. One hundred and seventy-one healthy individuals were randomly recruited from the Medical Examination Center when they were undergoing a routine physical examination in the same time period. The retrospective study was under approval of Medical Ethics Committee, Zhongnan Hospital of Wuhan University (201707), and written informed consent was obtained from all participants. Their demographic and blood test results were reviewed in the hospital medical database. The blood parameters of patients with HCC and healthy people were determined by a Beckman Coulter UniCel DxH800 (AY47639) hematology analyzer within 2 hours after venipuncture. The blood test was conducted before the administration of any treatments to avoid possible influences on blood parameters.
Logistic Regression Models
A formula for predicting AFP-negative HCC was developed based on the patients in the training set. Goodness of fit of the model was evaluated by the Hosmer-Lemeshow test, and the standard logistic regression formula is:
, "p" is the estimated probability of AFP-negative patients with HCC, "n" is the number of influence factors, "b" is the influence coefficient, "X" is the influence factor, and "b0" is a constant.
Validation Sets
Four external validation sets from 4 centers (Zhongnan Hospital of Wuhan University; Tongji Hospital, Tongji Medical College of Huazhong University Science and Technology; Union Hospital, Tongji Medical College of Huazhong Science and Technology University; and Renmin Hospital of Wuhan University) were used to assess the performance of the model including a total of 240 AFP-negative patients with HCC and 228 healthy controls. Ninety-one AFP-negative patients with HCC and 80 healthy controls, 46 AFP-negative patients with HCC and 45 healthy controls, 38 AFP-negative patients with HCC and 38 healthy controls, 65 AFP-negative patients with HCC and 65 healthy controls were recruited in these sets, respectively.
Statistical Analysis
Statistical analysis was performed using SPSS version 22.0 (SPSS, Chicago, Illinois) or Prism6 (GraphPad software, La Jolla, California). Data were presented as the mean (standard deviation [SD] ). The Shapiro-Wilk test was used to check the normality of the distribution. Normally distributed numeric variables were evaluated by Student's t test or 1-way analysis of variance. Non-normally distributed variables were analyzed by the Mann-Whitney U test or nonparametric test. A difference was considered statistically significant when P < .05. The area under the ROC curve was measured to evaluate the diagnostic value of each selected hematological parameter.
Results
Demographic Parameters of the Training Set
In all, 231 patients that met the requirements were enrolled in this study. The flowchart of the retrospective study is presented in Figure 1 . After exclusion of 60 AFP-positive patients, 171 AFP-negative patients with HCC and 102 healthy individuals were recruited. The healthy individuals had no medical record of tumor and matched the patient group in age (P ¼ .705), gender (P ¼ .429), weight (P ¼ .232), height (P ¼ .112), smoking (P ¼ 0.441), and drinking (P ¼ .728; Supplementary Table S1 ).
Hematological Parameters Analysis of the Training Set
We focused on the levels of WBC, MPV, RDW, MPV/PC ratio, NLR, and PLR of these patients. As shown in Table 1 , the values of MPV, RDW, MPV/PC ratio, NLR, and PLR were all significantly higher in AFP-negative patients with HCC as compared with healthy controls. No statistical difference in WBC was observed in between 2 groups. The ROC curve analysis showed that the area under the curve (AUC) of MPV, RDW, MPV/PC ratio, NLR, and PLR were 0.652, 0.772, 0.779, 0.800, and 0.653 in the patient group, respectively (Figure 2A) . The detailed information of diagnostic performances in the training set is listed in Supplementary Table S2 . In order to explain the significance of these parameters in AFP-negative HCC, we also proceeded the ROC with that 60 AFP-positive HCC, and the results (Table 1 and Supplementary Table S2) show that the AUC of MPV, RDW, NLR, PLR with AFPpositive HCC was lower.
The Correlation Between Hematological Parameters and Clinical Parameters
Chronic inflammation is associated with persistent hepatic injury and concurrent regeneration which leads to HCC. We analyzed hematological parameters and clinical parameters to find out their potential correlation in the progression and metastasis of AFP-negative HCC. We found that MPV-PC ratio and NLR were positively correlated with TNM stage ( Figure 2B and C), while MPV, RDW, and MPV-PC ratio were significantly correlated with the Child-Pugh score ( Figure 2D-F) . However, these hematological parameters were not significantly correlated with gender, smoking, or drinking ( Table 2 ).
The Logistic Regression Model for AFP-Negative HCC
Each of the abovementioned factor with a significant difference in the univariate analysis was used in the multivariate model. Mean platelet volume, RDW, MPV-PC ratio, NLR, and PLR were considered independent variables (Table 1 ) and were included in the multivariate logistic regression model. In all, 171 AFP-negative patients with HCC and 102 healthy controls in the training set were used to build the model. The final logistic regression model for predicting AFP-negative patients with HCC was: Logit (P) ¼ 13.733 þ 0.217(MPV) À 0.692(RDW) À 79.166(MPV/PC ratio) À 0.707(NLR) À 0.008 (PLR), the performance of the model was good with AUC of 0.922 ( Figure  2A) , and the estimated probability at sensitivity and specificity maximum sum are at a cutoff probability of 0.358, which means if the estimated probability was <.358, it was classified into the AFP-negative HCC patient group. On the contrary, those with a probability of !.358 would be classified into the negative group.
Multicenter Validation of the Logistic Regression Model
The validity of the logistic regression model was assessed in 4 external validation sets from 4 centers. A total of 240 AFPnegative patients with HCC (n ¼ 91, 46, 38, and 65 from 4 centers, respectively) and 228 healthy controls (n ¼ 80, 45, 38 and 65 from 4 centers, respectively) were recruited.
The estimated probability of 240 AFP-negative patients with HCC and 228 healthy controls were calculated using the formula Logit (P). In the cohort of Zhongnan Hospital of Wuhan University, the probabilities of 73 (out of 91) AFPnegative patients with HCC were <0.358, and the probabilities of 74 (out of 80) healthy controls were more than 0.358 ( Figure 3A) . The sensitivity and specificity of the model for AFP-negative HCC was 80.2% and 92.5%, respectively, with the AUC of 0.860. In the cohort of Tongji Hospital, the probabilities of 36 (out of 46) AFP-negative patients with HCC were <0.358, and the probabilities of 40 (out of 45) healthy controls were more than 0.358 ( Figure 3B ). The sensitivity and specificity of the model for AFP-negative HCC was 78.3% and 88.9%, respectively, with the AUC of 0.839. In the cohort of Union Hospital, the probabilities of 31 (out of 38) AFPnegative HCC patients were <.358, and the probabilities 34 (out of 38) healthy controls were more than .358 ( Figure 3C ). The sensitivity and specificity of the model for AFP-negative HCC was 81.6% and 89.5%, respectively, with the AUC of 0.857. In the cohort of Renmin Hospital of Wuhan University, the probabilities 57 (out of 65) AFP-negative patients with HCC were <.358, and the probabilities 60 (out of 65) healthy controls were more than 358 ( Figure 3D ). The sensitivity and specificity of the model for HCC was 87.7% and 92.3%, respectively, with the AUC of 0.901. The diagnostic performances of logistic regression models are shown in Table 3 .
Discussion
The HCC diagnosis remains difficult, especially in the early stage. If early diagnosis is successful, the 5-year survival rate of patients with HCC will be substantially enhanced. 9 The AFP has been widely used as a biomarker for HCC surveillance over the past 2 decades. 16 However, studies have indicated that the diagnostic accuracy of AFP is limited in HCC detection. Abbreviations: MPV, mean platelet volume; MPV/PC ratio, mean platelet volume to platelet count ratio; NLR, neutrophil to lymphocyte ratio; PC, platelet count; PLR, platelet to lymphocyte ratio; RDW, red blood cell distribution width; SD, Standard deviation; TNM, tumor node metastasis; WBC, White blood cell. a P < .05. b P < .01.
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Furthermore, a substantial group of patients with HCC is AFP negative. 1 Therefore, identification of novel biomarkers for the diagnosis of early-stage HCC is of great importance for patients, particularly for those AFP-negative patients.
Numerous epidemiological and clinical studies have provided convincing evidence that chronic inflammation leads to carcinogenesis. 18 Hepatocellular carcinoma is an inflammation-related cancer 8, 19 and is complicated by the coexistence of inflammation. Therefore, we evaluated the diagnostic efficiency of hematological parameters that have long been considered markers of systemic inflammatory response 20, 21 in the blood test on AFP-negative patients with HCC. Our results indicated that MPV, RDW, MPV-PC ratio, NLR, and PLR were significantly higher in patients and were useful for distinguishing AFP-negative patients with HCC from healthy individuals. Among them, the elevation in NLR in patients could be the consequence of increased neutrophil counts and decreased lymphocyte counts. Upregulation of peripheral neutrophils is thought to reflect an intrinsically aggressive nature of tumor cells because it is induced by cytokines produced by tumor cells. 22 Neutrophils promote tumor growth and metastasis by remodeling the extracellular matrix, and they release reactants to inhibit the function of cytotoxic lymphocytes. 23 On the other hand, downregulation of lymphocytes could affect HCC growth. In our research, NLR was the most effective indicator (AUC ¼ 0.800) for the diagnosis of AFP-negative HCC than MPV (AUC ¼ 0.652), RDW(AUC ¼ 0.772), MPV-PC ratio(AUC ¼ 0.779), and PLR (AUC ¼ 0.653), but its sensitivity(67.8%) was unsatisfactory. In addition, NLR was highly correlated with the TNM stage but without significant correlation with the Child-Pugh score. This is because the Child-Pugh score is a sum of 5 variables. Interestingly, the AUC of PLR was relatively low (0.653) but with the highest specificity (90.2%). However, PLR had no correlation with the Child-Pugh score or TNM stage in our study. Hence, it might be better to combine multiple hematological parameters to detect AFP-negative HCC. We built a logistic regression model for AFP-negative HCC which combines multiple hematological parameters including MPV, RDW, MPV-PC ratio, NLR, and PLR. It presented better diagnostic efficiency (AUC ¼ 0.922, sensitivity ¼ 83.0%, specificity ¼ 93.1%) than any single hematological parameter. Of course, the model that combined different parameters including AFP with des-g-carboxy prothrombin (DCP) or AFP-L3 has been reported. 24, 25 However, comparing to the literature, we found that our model has better AUC (0.922) than the model of combing AFP and DCP (AUC ¼ 0.910), 25 and the specificity (93.1%) of our model was also better that the GALAD model combing AFP, AFP-L3, and DCP (89.7% with UK, 89.1% with Japan, and 88.2% with Germany). 24 Furthermore, we validated this model in 4 validation sets. In order to avoid selection bias, we recruited patients and healthy controls from 4 different hospitals to establish different validation sets. This model showed good diagnostic efficiency in all validation sets (AUC ¼ 0.860 with Zhongnan Hospital, AUC ¼ 0.839 with Tongji Hospital, AUC ¼ 0.857 with Union Hospital, and AUC ¼ 0.901 with Renmin Hospital), indicating that this model is able to predict AFP-negative HCC. Previous studies have reported the significance of single hematological parameters in HCC detection. Kurt et al 26 showed that MPV could be a potential or adjunctive HCC marker in patients with chronic liver diseases. Cho et al 27 and Kinoshita et al 28 reported that MPV-PC ratio and NLR are good for HCC diagnosis. However, the significance of combinatory hematological parameters in the diagnosis of AFP-negative HCC is not well studied. In our study, the logistic regression model showed a better predictive ability than any single hematological parameter in the diagnosis of AFP-negative HCC. It could be a better potential or adjunctive marker of AFP-negative HCC.
In conclusion, the model that combines multiple hematological parameters (MPV, RDW, MPV/PC ratio, NLR, and PLR) might improve the diagnosis of AFP-negative HCC. However, our results need to be verified by further clinical investigations and follow-ups.
